We have determined the DNA sequence of intron 1 and flanking exons in the mitochondrial apocytochrome b gene of the Neurospora laboratory strain 74A. and the natural isolate North Africa. In contrast to a previous report, we find that this intron contains an open reading frame (ORF) of 951 bases in frame with the upstream exon. The putative intron-encoded protein resembles those of other intron ORFs with respect to length, calculated isoelectric point, and proportion of basic, acidic, polar, and non-polar amino acids; however, no amino acid sequences resembling the "decapeptides" characteristic of maturase-like ORFs were found. Coupled with the previous finding that this intron is capable of self-splicing in vitro in the absence of proteins, the observations discussed here raise the possibility that other introns with long, in-frame ORFs may also be capable of RNA-catalyzed splicing in vitro.
INTRODUCTION
Most of the introns in mitochondrial genes and nuclear rRNA genes can be classified as Group I introns based on the presence and location of somewhat conserved sequences that allow the foraation of a consensus "core" secondary structure (1, 2) . Some Group I intron RNAs can form this secondary structure in the absence of proteins and these introns are capable of self-splicing in vitro. Others, which appear to be spliced by the RNA-catalyzed transesterification process used by the self-splicing introns, require intron-encoded "maturases" for their splicing in vivo. These intronfl have not yet been observed to splice in vitro in the absence of proteins (reviewed in ref. 3 ).
In addition to sequences involved in RNA-catalyzed splicing, many Group I introns in mitochondrial genes also contain long open reading frames. A minority of these reading frames are essentially genes within genes: these are initiated at an AUG codon within the intron and usually encode proteins unrelated to the product of the gene in which they are found. Such intron-encoded proteins Include a mt ribosonal protein (4) and a transposase (5, 6) .
The najority of Group I intron reading frames can be translated as in-frame fusions with the upstream exon. Most of these are the so-called "maturase-lilce" reading frames (7) which produce basic proteins that usually contain two conserved blocks of 12 amino acids each (2, 8, 9) . Maturases encoded by two introns in the cob (apocytochrome b) gene and one intron in the oxi3 (cytochrome oxidase subunit one) gene of yeast have been shown to be involved in pre-mRNA splicing in vivo (7, (10) (11) (12) . It is not yet possible to infer from sequence analysis alone whether a given reading frame encodes a naturaae: the presence of the conserved sequence blocks may not be a feature unique to proteins with maturase activity; conversely, not all proteins involved in mt RNA splicing contain these sequences (13, 14) .
Intron 1 (cobil) in the Neurospora apocytochrome b gene is capable of self-splicing in vitro (15) , even though a trans-acting factor encoded by the nuclear cvt!8 gene is essential for splicing in vivo (16) . The involvement of a mitochondrially-translated maturase has not been ruled out, but the available evidence is negative: after prolonged growth of cells under conditions of severe mt protein synthesis deficiency, where the concentration of any maturases should become very low, only a slight increase in the ratio of unspliced to spliced cob transcripts is detectable; a substantial amount of fully-spliced cob RNA is produced under such conditions (16) . Also, the published sequence of this intron reveals no open reading frame (17) , suggesting that cobll does not itself encode a maturase.
A complete and accurate sequence of cob11 is required to assess the relationship between intron structure and function in RNA-catalyzed splicing, to identify the sites of interaction of the RNA with trans-acting factors that control splicing in vivo. and to evaluate the coding capacity 
MATERIAL-? AN" WFiIHQPS
NeuroBPora crassa strains North Africa (FGSC #430) and 74-OR23-LA (FGSC #987) were obtained from the Fungal Genetics Stock Center. Mitochondrial DNA was isolated from flotation gradient purified mitochondria by the UNSET-phenol procedure (21) followed by RNase and protease treatments, dialysis and precipitation (22) . Restriction enzyme fragments of mtDNA were cloned either directly into M13mpl8 or 19 or into pUC18 or 19 (23) and then subcloned into the M13 vectors. Appropriate restriction fragments were sequenced by the dideoxy chain termination procedure (24); 7-deaza dGTP (Boerhinger Mannheim Co.) was substituted for dGTP in the sequencing reactions (25) . The sequencing strategy is summarized in Figure 1 .
RESULTS
During investigations into the structure and evolution of mt introns we determined the nucleotide sequence around a Hindlll restriction site that is The large boxes enclose the sequences of exons 1 and 2. Restriction sites used to subclone fragments for sequencing are indicated (see Figure 1 for a summary of the sequencing strategy); all sites for a given enzyme are not necessarily marked. The two C/T polymorphisms between the North Africa and 74A. strains are marked by solid circles. 
